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MULTIHELICAL COMPOSITE SPRING 

TECHNICAL FIELD 

[0001] The present invention relates generally to springs. 
More particularly, the present invention relates to multihe 
lical springs. 

BACKGROUND 

[0002] Springs are used extensively in many industries for 
their dynamic and mechanical properties. For example, large 
scale springs are used in the automotive industry, or smaller 
scale springs are used for smaller electronic and/or mechani 
cal devices. Steel springs have been often used in light of 
their quality of fabrication, stiffness, strength, and their 
ability to be mass produced. HoWever, steel springs tend to 
be relatively heavy, and disadvantageous to use in certain 
applications given their Weight. For example, in applications 
such as automobiles, airplanes, and railWay cars, it is critical 
to reduce the Weight of various components to reduce the 
overall Weight of the apparatus. Other draWbacks of steel 
springs are that they have limited corrosion resistance, 
fatigue strength, have a high coef?cient of thermal expan 
sion, have magnetic properties, and are electrically conduc 
tive. 

[0003] One approach to some of the draWbacks of steel 
springs is to form single helical springs from composite 
materials. Single helical springs formed of composite mate 
rials have been developed, to take advantage of light Weight 
characteristics of plastic materials. HoWever, these types of 
springs fail to provide suf?cient stiffness to replace steel 
springs. Asingle helical spring is a torsion bar Wrapped into 
a helical form, and the stiffness of a torsion bar is determined 
by the shear modulus of elasticity of the material. As the 
shear modulus of composite materials is much smaller than 
the shear modulus of steel, the stiffness of a single helical 
composite spring is much less than that of a steel single 
helical spring. 

[0004] Accordingly, What is needed is a lightWeight spring 
capable of providing suf?cient stiffness for a Wide variety of 
applications. What is further needed is a spring Which has an 
improved resistance to fatigue and corrosion. 

SUMMARY 

[0005] A helical spring includes one or more layers of 
material distributed in a ?rst helical coiled con?guration, the 
?rst helical coiled con?guration extending from a ?rst end to 
a second end and Wound in a ?rst direction. The helical 
spring further includes one or more layers of material 
distributed in a second helical coiled con?guration, the 
second helical coiled con?guration extending from one end 
to another end in a second direction. Each layer of the ?rst 
helical coiled con?guration overlies a layer of the second 
helical coiled con?guration at multiple intersections to form 
a single spring unit. 

[0006] Several options for the spring are as folloWs. For 
instance, in one option, the material comprises composite 
material. In another option, the composite material com 
prises a polymer impregnated With multiple ?bers, for 
example, carbon ?bers. In another option, the ?rst helical 
coil con?guration and the second helical coil con?guration 
are interWoven together. In yet another option, each layer is 
bonded together. 
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[0007] In another embodiment, a helical spring a multi 
helical unit includes a number of layers of composite 
material disposed in a multi-helical con?guration. The 
multi-helical unit includes layers of at least a ?rst strand, a 
second strand, a third strand, and a fourth strand of com 
posite material. The ?rst strand is disposed in a ?rst coiled 
con?guration, the second strand is disposed in a second 
coiled con?guration, the third strand is disposed over the 
?rst strand and the second strand. The third strand disposed 
in the ?rst coiled con?guration, the fourth strand is disposed 
over the ?rst strand, second strand, and third strand, and the 
fourth strand disposed in the second coiled con?guration. 
The ?rst strand, the second strand, the third strand, and the 
fourth strand bonded together in a single spring unit. 

[0008] Several options for the helical spring are as fol 
loWs. For instance, in one option, the ?rst strand, second 
strand, third strand, and fourth strand comprise a single 
strand of composite material. In another option, the helical 
spring further includes a ?fth strand and sixth strand of 
composite material, Where the ?fth strand disposed in a third 
coiled con?guration betWeen the second strand and the third 
strand, and the sixth strand disposed in the third coiled 
con?guration over the fourth strand of composite material. 
The composite material optionally comprises polymer mate 
rial reinforced With a plurality of ?bers. 

[0009] In yet another embodiment, a helical spring 
includes at least a ?rst set of layers of composite material 
distributed in a ?rst coiled con?guration, the ?rst coiled 
con?guration extending from a ?rst end to a second end. The 
helical spring further includes at least a second set of layers 
of composite material distributed in a second coiled con 
?guration, the second coiled con?guration extending from 
one end to another end. The ?rst set of layers and the second 
set of layers are interWoven together in a crisscross con 
?guration, each layer of the ?rst set of layers overlies a layer 
of the second set of layers at multiple intersections to form 
a single spring unit. In addition, the composite material for 
the ?rst set of layers and the second set of layers comprises 
a polymer matrix reinforced With a plurality of ?bers. 

[0010] Several options for the helical spring are as fol 
loWs. For instance, in one option, the helical spring further 
includes a third set of layers of composite material distrib 
uted in a third coiled con?guration, Where the third set of 
layers are interWoven With the ?rst set of layers and the 
second set of layers to form a single spring unit. In another 
option, the second coiled con?guration is offset about 120 
degrees from the ?rst coiled con?guration, and the third 
coiled con?guration is offset about 120 degrees from the 
second coiled con?guration. In yet another option, the 
composite material comprises about 30-40% volume of 
polymer matrix, and about 70-60% volume ?ber material, 
respectively. 

[0011] In yet another embodiment, a method for forming 
a spring includes Winding m strands of material to form a 
?rst layer of composite material in a ?rst helical con?gura 
tion around a mandrel, Winding p strands of material to form 
a second layer of the composite material coil around the ?rst 
layer in a second helical con?guration, and repeating form 
ing the ?rst layer in the ?rst helical con?guration and 
forming the second layer in the second helical con?guration 
n number of times. The method further includes coupling the 
layers of material together to form a single spring unit. 
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[0012] Several options for the method are as follows. For 
instance, in one option, the method further includes Winding 
the ?rst helical con?guration in an opposite direction than 
the second coil. In another option, the method further 
includes Winding a third layer of q strands of material in a 
third helical con?guration around the ?rst layer and the 
second layer, and repeating Winding the ?rst layer in the ?rst 
helical con?guration, Winding the second layer in the second 
helical con?guration, and Winding the third layer in the third 
helical con?guration n number of times. 

[0013] Further options include embedding ?ber in a poly 
mer prior to Winding the ?rst layer and the second layer, or 
Winding the ?rst layer around the mandrel and Winding the 
second layer around the ?rst layer includes continuously 
Winding a single strand of composite material. In yet another 
option, coupling the layers together includes heating the 
single spring unit and/or applying pressure to the single 
spring unit, or curing the single spring unit to form a 
substantially rigid spring. Still further, in another option, the 
method further includes decreasing one or more dimensions 
of the mandrel, and removing the single spring unit from the 
mandrel. In yet another option, Winding the m strands of 
material and Winding the p strands of material comprises 
Winding one or more strands of composite material. 

[0014] In yet another embodiment, a method for forming 
a spring includes Winding a ?rst layer of a single strand of 
composite material in a ?rst helical con?guration around a 
mandrel, Winding a second layer of the single strand of 
composite material coil around the ?rst layer in a second 
helical con?guration, Winding a third layer of the single 
strand of composite material in a third helical con?guration 
around the ?rst layer and the second layer, and repeating 
Winding the ?rst layer in the ?rst helical con?guration, 
Winding the second layer in the second helical con?guration, 
and Winding the third layer in the third helical con?guration 
n number of times. The method further includes coupling the 
layers of the single strand of composite material together to 
form a single spring unit. 

[0015] Several options are as folloWs. For instance, in one 
option, the method further includes heating and applying 
pressure to the single spring unit. In another option, the 
method further includes reinforcing a polymer With a plu 
rality of ?bers to form the composite material. Still further, 
in another option, Winding the ?rst layer includes Winding 
along a ?rst longitudinal direction, and Winding the second 
layer includes Winding along a second longitudinal direc 
tion, and the ?rst longitudinal direction is opposite the 
second longitudinal direction. 

[0016] The spring design alloWs for use of a lightWeight 
material, Without compromising strength or stiffness. The 
use of composite materials, in conjunction With multi-helical 
coils, provides for aXial stiffness comparable to that of steel. 
The spring assembly provides for further bene?ts such as 
fatigue resistance, high corrosion resistance, and use of 
optional non-conductive materials. 

[0017] These and other embodiments, aspects, advan 
tages, and features of the present invention Will be set forth 
in part in the description Which folloWs, and in part Will 
become apparent to those skilled in the art by reference to 
the folloWing description of the invention and referenced 
draWings or by practice of the invention. The aspects, 
advantages, and features of the invention are realiZed and 
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attained by means of the instrumentalities, procedures, and 
combinations particularly pointed out in the appended 
claims and their equivalents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a side elevational vieW illustrating a 
spring assembly constructed in accordance With one 
embodiment. 

[0019] FIG. 2 is a side elevational vieW illustrating a 
spring assembly constructed in accordance With yet another 
embodiment. 

[0020] FIG. 3 is a block diagram illustrating an apparatus 
for forming a spring assembly constructed in accordance 
With another embodiment. 

[0021] FIG. 4 is a block diagram illustrating an apparatus 
for forming a spring assembly constructed in accordance 
With another embodiment. 

[0022] FIG. 5 is a block diagram illustrating an apparatus 
for forming a spring assembly constructed in accordance 
With another embodiment. 

[0023] FIG. 6 is a block diagram illustrating an apparatus 
for forming a spring assembly constructed in accordance 
With another embodiment. 

[0024] FIG. 7 is a block diagram illustrating an apparatus 
for forming a spring assembly constructed in accordance 
With another embodiment. 

[0025] FIG. 8 is a block diagram illustrating method for 
forming a spring assembly in accordance With one embodi 
ment. 

[0026] FIG. 9 is a block diagram illustrating method for 
forming a spring assembly in accordance With one embodi 
ment. 

DESCRIPTION OF THE EMBODIMENTS 

[0027] In the folloWing detailed description, reference is 
made to the accompanying draWings Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. 
These embodiments are described in suf?cient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be utiliZed 
and that structural changes may be made Without departing 
from the scope of the present invention. Therefore, the 
folloWing detailed description is not to be taken in a limiting 
sense, and the scope of the present invention is de?ned by 
the appended claims and their equivalents. 

[0028] A multihelical spring is provided herein Which 
includes tWo or more coil con?gurations. Each coil con?gu 
ration includes one or more strands Which are layered over 

one another. Each strand is formed of a number of materials, 
for instance, composite material. The composite material 
includes one or more ?bers together With a polymer forming 
an uncured composite material Which is Wound, for 
eXample, over a mandrel to form the multihelical spring. 
Optionally, multiple layers are formed and interWoven, for 
eXample, by continuously Winding the composite material 
around the mandrel and back and forth around the longitu 
dinal aXis of the mandrel. As the layers are Wound, each 
layer optionally crosses over the previous layer, and option 
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ally the ?rst coil con?guration forms a right-handed helix 
and the second coil con?guration forms a left-handed helix. 
Multiple layers of the spring are formed until the desired 
cross-section is created. The cross-sectional shape of the coil 
con?gurations can be varied to achieve different spring 
strengths and characteristics. One option is to have a circular 
cross-section of the coil con?gurations. In another option, 
the cross-section includes square or rectangular cross-sec 
tions. A change from a square cross-section to a rectangular 
cross-section, for example of a ratio of 2x1, While main 
taining the same cross-sectional area, Will further increase 
the overall stiffness by a factor of about 2.5. It should be 
noted that many variations are possible, and are explained in 
greater detail beloW. 

[0029] A helical spring 102, as shoWn in FIG. 1, includes 
one or more layers of material distributed in a ?rst helical 
coil con?guration 110, and one or more layers of material 
distributed in a second helical coil con?guration 130. The 
one or more layers includes one or more strands of material, 
as further described beloW. The ?rst helical coil con?gura 
tion 110 extends from a ?rst end 112 to a second end 114, 
and is de?ned in part by a ?rst length 116. The ?rst helical 
coil con?guration 110 is Wound in a ?rst direction 118. The 
second helical coil con?guration 130 extends from a ?rst 
end 132 to a second end 134, and is de?ned by a second 
length 136. In one option, the ?rst length 116 is substantially 
the same as the second length 136. 

[0030] In another option, the ?rst helical coil 110 is Wound 
respect to the second helical coil con?guration 130 such that 
the ?rst end 112 of the ?rst helical coil 110 is offset about 
180 degrees from the ?rst end 132 of the second helical coil 
con?guration 130. It should be noted that other offset angles 
are suitable as Well. Symmetrical springs can be made With 
an even number of coil con?gurations, for example, With 
one half of the coils Wound in one direction, and one half 
Wound in the opposite direction, optionally having substan 
tially the same pitch. Asymmetrical springs are possible as 
Well. For symmetrical springs, the helical coil con?gurations 
that are Wound in the same direction are optionally parallel 
to each other, and are evenly distributed around the axis of 
the spring, depending on the total number coil con?gura 
tions. For example, if there are tWo coil con?gurations, each 
coil is optionally Wound at the same pitch, but in an opposite 
direction. In another example, if there are four coil con?gu 
rations, tWo coils Wound in each direction, the tWo coils 
Wound in each direction are spaced 180 degrees apart. In 
another example, if there are six coil con?gurations, three 
coils Wound optionally parallel in each direction, the three 
coils Wound in each direction are spaced 120 degrees apart. 
In general, a symmetrical spring With a total of Zn coil 
con?gurations Will have n coils Wound in one direction and 
n coils Wound in the opposite direction, at optionally the 
same pitch, and the n coils Wound in each direction Will be 
optionally parallel and spaced 360/n degrees apart. The 
spring 102 can be formed of r coil con?gurations, as 
discussed further beloW. 

[0031] In yet another option, the Winding of the ?rst 
helical coil con?guration 110 is uniform With the second 
helical coil con?guration 130, for example, Where the pitch 
is substantially the same for the ?rst helical coil con?gura 
tion 110 and the second helical coil con?guration 130. 
Alternatively, the ?rst helical coil con?guration 110 has a 
different pitch than the second helical coil con?guration 130. 
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Advantageously, the number of coil con?gurations, and/or 
the direction and angles of the coil con?gurations can be 
adjusted to create springs With different properties. 

[0032] The one or more layers of the ?rst helical coil 
con?guration 110 and the one or more layers of the second 
helical coil con?guration 130 overlie one another at multiple 
locations 140. The ?rst helical coil con?guration 110 and the 
second coiled con?guration 130 are bonded together suf? 
cient to hold the crossing con?guration together With suf? 
cient strength to not break during tWisting, compression, or 
extension of the spring. Examples of bonding include, but 
are not limited to, interWeaving, curing, Welding, adhesive 
bonding, etc. When multiple layers are present, the layers 
are interWoven together Where each layer of the ?rst set of 
layers overlies a layer of the second set of layers at multiple 
intersections 140 to form a single spring unit, as further 
discussed beloW. The second helical coil con?guration 130 
is Wound With the ?rst helical coil con?guration 110, for 
example, in a second direction 138, Which in one option, is 
in an opposite direction than that of the ?rst direction 118. 
In a further option, the ?rst helical coil con?guration 110 and 
the second helical coil con?guration 130 form a crisscross 
con?guration. The ?rst direction 118 is the same as the 
second direction 138 in a further option. In yet another 
option, the ?rst helical coil con?guration 110 and the second 
helical coil con?guration 130 cross at least at one location 
140 by having a different pitch, or by being offset at the ?rst 
end of the spring. 

[0033] Each layer of the ?rst helical coil con?guration 110 
is coupled With each layer of the second helical coil con 
?guration 130. In one option, the ?rst set of layers of the ?rst 
helical coil con?guration 110 and the second set of layers of 
the second helical coil con?guration 130 are bonded 
together. In one embodiment, the coupling process includes 
curing materials used for the composite material With time 
and/or heat treatment. Other methods for coupling the layers 
of the ?rst helical coil con?guration 110 With the layers of 
the second helical coil con?guration 130 include, but are not 
limited to, pressure, adhesive, Welding, laser processing, 
molding processes, or ultrasonic Welding. One or more 
methods, or combinations thereof are suitable for coupling 
the layers of the ?rst helical coil con?guration 110 With the 
layers of the second helical coil con?guration 130. 

[0034] In one option, the ?rst helical coil con?guration 
110 and/or the second helical coil con?guration 130 are 
formed of non-composite materials, such as metal or plastic. 
To couple the non-composite materials at locations 140, the 
materials are bonded together, for example, by Welding or 
riveting the coil con?gurations together. In another option, 
the ?rst and second helical coil con?gurations 110, 130 are 
cast or injection molded to form a unitary spring having 
suf?cient axial stiffness. Further processing options, such as 
annealing, are provided to achieve a multihelical spring 
having suf?cient axial stiffness. 

[0035] The ?rst helical coil con?guration 110 and/or the 
second helical coil con?guration 130, in another option, are 
formed of layers of composite material, Which bene?cially 
alloWs for the helical spring to be lightWeight. The compos 
ite material comprises, in one option, a non-metallic material 
Which further alloWs the helical spring to be non-corrosive, 
Which is essential in certain applications. In a further 
embodiment, the composite material is formed of non 
conductive materials. 
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[0036] The composite material, in one option, includes a 
?rst material embedded Within a second material. For 
example, one or more ?bers are embedded Within polymer 
material to form a strand of material. It should be noted that 
the ?ber is not necessarily parallel to the direction of the coil 
con?guration. For some applications, the ?bers may be at an 
angle With respect to the direction of the coil con?guration. 
The ?bers include a plurality of ?bers, for eXample, several 
thousands of ?bers of very small diameter. For instance, 
carbon ?bers have a diameter of about 6.5 microns. In 
another eXample, the composite material comprises a poly 
mer material reinforced by a ?ber material. Suitable mate 
rials for the ?ber material include, but are not limited to, 
carbon, or graphite ?ber, glass ?ber, aramid ?ber, or other 
synthetic ?bers. Suitable materials for the polymer material 
include, but are not limited to, thermosets, thermoplastic 
materials, or materials Which harden after heat treatment or 
time. In a further option, the composite material comprises 
tWo or more materials brought together by the folloWing 
processes, listed only by Way of eXample, and not in a 
limiting sense: coating, embedding, impregnating. In yet 
another option, a Wide range of toW-pregs are available, for 
eXample, having a range of 1k up to 48k toW count. A larger 
toW count Would be suitable for a larger cross-section or a 
larger coil diameter, such as for industrial applications. 

[0037] Alternatively, the composite materials can be pro 
duced by forming a strand of composite material by eXtru 
sion, and then forming the strand into the helical shape, or 
into the multiple helical coils. Furthermore, the amounts of 
each material can be modi?ed as necessary. For eXample, in 
one option, about 30% of polymer material and about 70% 
of ?ber material is used for each helical coil. In another 
option, about 40% of polymer material and about 60% of 
?ber material is used for each helical coil. Other embodi 
ments include ranges of about 30-40% volume of polymer 
material, and about 70-60% volume of ?ber material, 
respectively. 

[0038] Referring to FIG. 2, a helical spring 104 is shoWn 
Which includes multiple helical coil con?gurations. For 
instance, the helical spring 104 includes the ?rst helical coil 
con?guration 110 and the second helical coil con?guration 
130 as described above. The helical spring 104 further 
includes a third set of layers distributed in a third helical coil 
con?guration 150 Which are interWoven With the ?rst set of 
layers of the ?rst helical coil con?guration 110 and the 
second set of layers of the second helical coil con?guration 
130. The third helical coil con?guration 150 is Wound in a 
third direction 158, Which in one option, is in an opposite 
direction than that of the ?rst direction 118 of the ?rst helical 
coil con?guration 110. In another option, the third helical 
coil con?guration 150 is Wound in an opposite direction than 
that of the second direction 138 of the second helical coil 
con?guration 130. In a further option, the ?rst helical coil 
con?guration 110, the second helical coil con?guration 130, 
and the third helical coil con?guration 150 form a crisscross 
con?guration. 

[0039] The third helical coil con?guration 150 eXtends 
from a ?rst end 152 to a second end 154, and is de?ned by 
a third length 156. In one option, the third length 156 is 
substantially the same as the ?rst length 116 and/or the 
second length 136. In another option, the ?rst helical coil 
con?guration 110 is Wound respect to the second helical coil 
con?guration 130 and the third helical coil con?guration 150 
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such that the ?rst end 112 of the ?rst helical coil con?gu 
ration 110 is offset about 120 degrees from the ?rst end 132 
of the second helical coil con?guration 130, and the ?rst end 
132 of the second helical coil con?guration 130 is offset 
about 120 degrees from the ?rst end 152 of the third helical 
coil con?guration 150. 

[0040] The third helical coil con?guration 150 is option 
ally formed of composite material, Which bene?cially alloWs 
for the helical spring to be lightWeight. The composite 
material comprises a non-metallic material Which further 
alloWs the helical spring to be non-corrosive, Which is 
essential in certain applications. The material for the third 
helical coil con?guration 150 includes, but is not limited to, 
the materials discussed above for the ?rst and second helical 
coil con?gurations 110, 130. 
[0041] FIGS. 3-7 illustrate an apparatus for forming the 
above described helical spring, and the various embodi 
ments. Composite material 250 is fed to a mandrel 260 in a 
?rst longitudinal direction 280. The composite material 250 
is formed by impregnating ?bers With a polymer just prior 
to feeding the composite material 250 to the mandrel 260. 
Alternatively, preimpregnated ?bers can be used. The com 
posite material 250 is fed to the mandrel 260 With a feeder 
head 264, Which alloWs for the composite material 250 to be 
Wound around the mandrel 260 in a ?rst direction 282, to 
form a ?rst helical coil con?guration 210. The composite 
material 250 is Wound in a helical con?guration over a 
length of the mandrel 260, Which Will be the length of the 
helical spring. 
[0042] When the Winding of the ?rst coil 210 is complete, 
a full circle is Wound at 212. The feeder head 264 then 
travels in a second longitudinal direction 284 such that a 
second coil con?guration 230 is Wound over the ?rst coil 
con?guration 210, and the second coil con?guration 230 is 
Wound in a second direction 286, Which is in an opposite 
direction than the ?rst coil con?guration 210. 

[0043] The feeder head 264 translates relative to the 
mandrel 260 in a number of manners. In one option, the 
mandrel 260 rotates, although does not move along its 
longitudinal aXis, and the feeder head 264 translates as 
shoWn in FIGS. 3-7. In another option, the feeder head 264 
and the mandrel 260 each translate along their respective 
longitudinal aXis. In yet another option, the feeder head 264 
optionally remains ?xed, and the mandrel 260 rotates and 
translates simultaneously. 
[0044] The second coil con?guration 230, in one option, is 
an offset heliX relative to the ?rst coil con?guration 210, 
Where the second coil con?guration 230 forms a crisscross 
con?guration With the ?rst coil con?guration 210. At the end 
of the second coil con?guration 230, a full circle is Wound 
at 232, similar to that at 212. Winding the full circles of 
material at the ends of the helical spring alloWs for increased 
stability of the helical spring, and further alloWs for use of 
a continuous strand of composite material. 

[0045] Springs having coil con?gurations With larger 
cross-sections can be formed by repeating the above process 
n number of times, and Winding the composite material 250 
over and over again to form multiple layers of ?rst coil 
con?gurations 210 and multiple layers of second coil con 
?gurations 230, Which are interWoven together. The indi 
vidual layers are coupled together, for instance by bonding, 
curing, and/or processing to ensure that coupling takes 
place. 
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[0046] The pitch of the helical spring is determined by the 
speed of the feeder head 264 relative to the mandrel 260. 
Springs With triple coils are made similarly as described 
above. Optionally, the spring coil con?gurations are offset 
120 degrees from one another. 

[0047] Further options for the above and beloW discussed 
spring assemblies involve composite material of variable 
cross-section or a helical spring having a variable coil 
section. Furthermore, spring assemblies having variable 
pitch, conical springs, barrel springs, or other shapes, can be 
made by changing the con?guration of the mandrel 260. 

[0048] A method for forming the helical spring is shoWn, 
by Way of example, in FIG. 8. Further details and options 
are as folloWs. Ahelical spring is formed, for example, using 
composite material. It should be noted that other materials, 
such as non-composite materials, are suitable as Well. The 
composite material is formed, for example, of tWo different 
materials, Where a ?rst material is embedded in a second 
material. In another example, the ?rst material is impreg 
nated With the second material. To form the composite 
material, in one example, a plurality of ?bers are collectively 
pulled through a second material, such as polymer material. 
For example, multiple ?bers are pulled through a 1/2 inch 
tube having a curve, Where the tube is ?lled With a polymer 
such as epoxy. As the ?bers are pulled through the polymer, 
the polymer coats the ?ber material. In another option, bulk 
raW composite material is used. The composite material is 
guided through a shifting bar and is Wound on to a rotating 
mandrel. 

[0049] The composite material is Wound on to the rotating 
mandrel to form a helical spring. For example, m strands of 
material are Wound in a ?rst coil con?guration on to a 
mandrel to form a ?rst layer, and p strands of material are 
Wound in a second coil con?guration over the ?rst coil 
con?guration to form a second layer. The spring further can 
include tWo or more coil con?gurations. The ?rst coil 
con?guration, in one option, is opposite than the second coil 
con?guration. It should be noted that m and p include one or 
more strands, and that m is not necessarily the same as p. 
The process is repeated n number of times to form n layers 
of material, depending on the desired structural qualities of 
the spring. As the process is repeated, the layers become 
interWoven together. For instance, a ?rst strand is disposed 
in the ?rst coiled con?guration, a second strand is disposed 
in the second coiled con?guration, the third strand is dis 
posed in the ?rst coiled con?guration over the second strand, 
a fourth strand is disposed in the second coiled con?guration 
over the third strand, and so on. The coil con?gurations cross 
each other and are coupled together at multiple locations, for 
example, Where the layers criss-cross one another. 

[0050] In a further option, as shoWn in FIG. 9, q strands 
of material, such as composite material, is/are Wound on to 
and around the ?rst and second coil con?gurations to form 
a third coil con?guration. This process is repeated n number 
of times to form multiple layers of composite material. For 
instance, a ?rst strand is disposed in the ?rst coiled con 
?guration, a second strand is disposed in the second coiled 
con?guration, the third strand is disposed in the ?rst coiled 
con?guration over the second strand, a fourth strand is 
disposed in the second coiled con?guration over the third 
strand, a ?fth strand is disposed in a third coiled con?gu 
ration betWeen the second strand and the third strand, and a 
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sixth strand is disposed in the third coiled con?guration over 
the fourth strand, and so on. It should be noted that multiple 
strands can be used for each layer. The third coil con?gu 
ration is optionally Wound around the mandrel in a direction 
that is opposite to the ?rst and/or second coil con?gurations. 
This process can be extended to r coil con?gurations. 

[0051] The strands of material are Wound around a rotat 
ing mandrel, and are done so at substantially the same speed 
to assist in maintaining uniformity of the helical Windings. 
After the strands are Wound on to the mandrel in a helical 
con?guration, the helical spring is processed to couple the 
?rst helical coil con?guration With the second helical coil 
con?guration, and if necessary, to couple the third helical 
coil con?guration or additional helical coil con?gurations 
With the ?rst and second helical coil con?gurations. For 
example, the coil con?gurations are bonded together. 

[0052] In another option, the coil con?gurations are cured, 
for example by heating and/or applying pressure to the coil 
con?gurations to bond the polymer material of one coil 
con?guration With another coil con?guration. In another 
option, the coil con?gurations are cured over time. After the 
coil con?gurations are cured, the helical spring is removed 
from the mandrel. The mandrel is formed of metal, Which in 
one option has a higher coefficient of thermal expansion than 
the helical spring. The coil con?gurations are removed from 
the mandrel by heating the mandrel, thereby expanding the 
mandrel. After the mandrel has cooled, the mandrel has an 
outer diameter Which is less than the cured inner diameter of 
the helical spring. After the forming process, the helical 
spring is ready for implementation into a Wide variety of 
applications. 
[0053] The helical spring described herein is suitable for 
use in many different applications. For instance, the helical 
spring is suitable in, chemical processing and re?ning equip 
ment, automotive industry such as automobile suspensions, 
bumper springs, bicycles, electrical devices, aerospace 
industry, or marine engines and other Water craft applica 
tions, Where corrosion is a problem. 

[0054] The multi-helical spring further alloWs for the 
spring to be engineered, for example, With a failure mode. 
For instance, the spring can be designed With speci?c failure 
characteristics. A helical spring having six helical coil con 
?gurations, Where one or tWo of the helical coil con?gura 
tions are designed to fail non-catastrophically, provides a 
gradual failure and/or a visual indicator that failure of the 
spring is imminent. For example, one helical coil can be 
made thinner, With a notch, or With a failure point. Alterna 
tively, the coil can include a sensor or having electricity run 
through it. The composite materials alloW for advanced 
engineering of the spring to occur. 

[0055] Advantageously, the helical spring alloWs for use 
of a lightWeight material, While providing adequate stiffness. 
The use of composite materials, in conjunction With multi 
helical coil con?gurations as described above, alloWs for the 
high axial stiffness and strength of the ?bers to be exploited, 
and provides for a helical spring having axial stiffness 
comparable to that of steel. The coil con?gurations of the 
above described helical composite spring resist by bending 
and torsion, instead of resisting only by torsion as achieved 
by conventional springs, Which alloWs for use of the light 
Weight composite materials While providing stiffness similar 
to that of single helical steel springs. 
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[0056] Calculations illustrating the increase in stiffness for 
the composite helical spring are as folloWs. It should be 
noted that for a single helical spring (a torsion bar in a helical 
con?guration) the external Work is: 

W=(Force)>< (Displacement), 

[0057] Where F=force acting on spring and d=de?ection or 
change in length of the spring While subjected to force F. 
When it is assumed that the total external Work done on the 
spring, W is being stored (in the spring) in the form of elastic 
strain energy U, such that 

W=U (1) 

[0058] In the case of a single helical spring, it is further 
assumed that 

U= UT (2) 

[0059] Where UT is the torsional strain energy. Further 
more, UT=T2L/2GJ, Where T=torsion moment, L=length of 
the coil, G=the modulus of rigidity or the shear modulus of 
the material, and J=torsional constant. It should be further 
noted that for a coil of circular cross-section of radius c, the 
torsional constant J=J'EC4/2. In addition, it should be noted 
that the torque is a function of F. For example, in the case 
of single helical spring torque=R><F, Where R is the radius of 
the coil. 

[0060] Assuming that the total external Work done on the 
spring is being stored in the form of elastic strain energy, 

W=UT (3) 

[0061] Thus, the external Work F><d=T2L/2GJ. 

[0062] And the axial stiffness of the spring is 

K=1/d=GJ/CT, (4) 

[0063] Where CT is a function of the applied force and of 
the geometry of the spring. 

[0064] The stiffness is proportional to G as the material 
property. G for steel is about 11><106 psi, Which is about 40% 
of E, the modulus of elasticity for steel. For carbon com 
posite materials G is only about 5% of E. For carbon ?ber 
reinforced polymer composites, the value of G is about 10 
times loWer than the value of G for steel. Thus, a single 
helical spring made of composite material Will have about 
10 times loWer stiffness than an identical spring made of 
steel. HoWever, the Ecomposites is not much loWer than Esteel, 
for example, With respect to commercially available carbon 
composites, E along the ?ber direction is about 70% 
of Esteel' 

[0065] In the case of a double helical spring as described 
above, the strain energy is the sum of torsional strain energy 
and of bending strain energy. Thus equation (3) becomes 

composites 

[0066] With the UM=M2L/2EI. Note that the bending 
moment M is also a function of F and the geometry of the 
spring (radius of the coil, helical angle, crisscross connec 
tion, etc). NoW the stiffness of the spring can be expressed 
as 

[0067] Thus, for a double helical spring, the stiffness is the 
sum of the torsional stiffness and bending stiffness, With the 
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bending stiffness the dominant term. As above, the coef? 
cient CM is a function of the applied force and the geometry 
of the spring. 

[0068] The helical spring provides for further bene?ts 
such as fatigue resistance, high corrosion resistance, and use 
of optional non-conductive materials. Furthermore, the 
above described helical spring can be made more cost 
effectively and/or has improved ease of manufacturability 
than conventional steel or composite springs. In applica 
tions, the helical spring alloWs for the overall Weight of the 
device to be reduced, resulting in energy savings. 

[0069] It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Many other 
embodiments Will be apparent to those of skill in the art 
upon reading and understanding the above description. It 
should be noted that embodiments discussed in different 
portions of the description or referred to in different draW 
ings can be combined to form additional embodiments of the 
present invention. The scope of the invention should, there 
fore, be determined With reference to the appended claims, 
along With the full scope of equivalents to Which such claims 
are entitled. 

What is claimed is: 
1. A helical spring comprising: 

one or more layers of material distributed in a ?rst helical 
coiled con?guration, the ?rst helical coiled con?gura 
tion extending from a ?rst end to a second end and 
Wound in a ?rst direction; 

one or more layers of material distributed in a second 
helical coiled con?guration, the second helical coiled 
con?guration extending from one end to another end in 
a second direction; and 

each layer of the ?rst helical coiled con?guration overlies 
a layer of the second helical coiled con?guration at 
multiple intersections to form a single spring unit. 

2. The helical spring as recited in claim 1, Wherein the 
material comprises composite material. 

3. The helical spring as recited in claim 2, Wherein the 
composite material comprises a polymer impregnated With 
one or more ?bers. 

4. The helical spring as recited in claim 1, Wherein the 
second direction is different than the ?rst direction. 

5. The helical spring as recited in claim 1, Wherein the 
layers of ?rst helical coil con?guration and the layers of the 
second helical coil con?guration are interWoven together. 

6. The helical spring as recited in claim 1, Wherein each 
layer is bonded together at multiple locations. 

7. A helical spring comprising: 

a multi-helical unit including a number of layers of 
composite material disposed in a multi-helical con?gu 
ration, 

the multi-helical unit including layers of at least a ?rst 
strand, a second strand, a third strand, and a fourth 
strand of composite material; 

the ?rst strand disposed in a ?rst coiled con?guration, the 
second strand disposed in a second coiled con?gura 
tion, the third strand disposed over the ?rst strand and 
the second strand, the third strand disposed in the ?rst 
coiled con?guration; 
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the fourth strand disposed over the ?rst strand, second 
strand, and third strand, the fourth strand disposed in 
the second coiled con?guration; and 

the ?rst strand, the second strand, the third strand, and the 
fourth strand interWoven and bonded together in a 
single spring unit. 

8. The helical spring as recited in claim 7, Wherein the ?rst 
strand, second strand, third strand, and fourth strand corn 
prise a single strand of composite material. 

9. The helical spring as recited in claim 7, further corn 
prising a ?fth strand and sixth strand of composite material, 
the ?fth strand disposed in a third coiled con?guration 
betWeen the second strand and the third strand, the sixth 
strand disposed in the third coiled con?guration over the 
fourth strand of composite material. 

10. The helical spring as recited in claim 9, Wherein the 
?rst strand, second strand, third strand, fourth strand, ?fth 
strand, and sixth strand comprise a single strand of corn 
posite material. 

11. The helical spring as recited in claim 7, Wherein the 
?rst coiled con?guration is a Winding having a ?rst direction 
and the second coiled con?guration is a Winding having a 
second direction, and the ?rst direction is different than the 
second direction. 

12. The helical spring as recited in claim 7, Wherein the 
composite material comprises polymer material reinforced 
With a plurality of ?bers. 

13. A helical spring comprising: 

at least a ?rst set of layers of composite material distrib 
uted in a ?rst coiled con?guration, the ?rst coiled 
con?guration extending from a ?rst end to a second 
end; 

at least a second set of layers of composite material 
distributed in a second coiled con?guration, the second 
coiled con?guration extending from one end to another 
end; 

the ?rst set of layers and the second set of layers inter 
Woven and bonded together in a crisscross con?gura 
tion, each layer of the ?rst set of layers overlies a layer 
of the second set of layers at multiple intersections to 
form a single spring unit; and 

the composite material for the ?rst set of layers and the 
second set of layers comprising a polymer matrix 
reinforced With a plurality of ?bers. 

14. The helical spring as recited in claim 13, further 
comprising a third set of layers of composite material 
distributed in a third coiled con?guration, the third set of 
layers interWoven With the ?rst set of layers and the second 
set of layers to form a single spring unit. 

15. The helical spring as recited in claim 14, Wherein the 
second coiled con?guration is offset about 120 degrees from 
the ?rst coiled con?guration, and the third coiled con?gu 
ration is offset about 120 degrees from the second coiled 
con?guration. 

17. The helical spring as recited in claim 13, Wherein the 
composite material comprises about 30-40% volume of 
polymer matrix, and about 70-60% volurne ?ber rnaterial, 
respectively. 

18. A method for forming a spring cornprising: 

Winding rn strands of material to form a ?rst layer of 
material in a ?rst helical con?guration around a man 

drel; 
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Winding p strands of material to form a second layer of the 
composite material coil around the ?rst layer in a 
second helical con?guration; 

repeating forming the ?rst layer in the ?rst helical con 
?guration and forming the second layer in the second 
helical con?guration n number of times; and 

coupling the layers of material together to form a single 
spring unit. 

19. The method as recited in claim 18, further comprising 
Winding the ?rst helical con?guration in an opposite direc 
tion than the second coil. 

20. The method as recited in claim 18, further comprising 
Winding a third layer of q strands of material in a third 
helical con?guration around the ?rst layer and the second 
layer, and repeating forming the ?rst layer in the ?rst helical 
con?guration, forming the second layer in the second helical 
con?guration, and Winding the third layer in the third helical 
con?guration n number of times. 

21. The method as recited in claim 18, further comprising 
ernbedding ?ber in a polymer prior to Winding the ?rst layer 
and the second layer. 

22. The method as recited in claim 18, Wherein coupling 
the layers together includes heating and/or applying pressure 
to the single spring unit. 

23. The method as recited in claim 18, Wherein Winding 
the In strands of material and Winding the p strands of 
material comprises Winding one or more strands of corn 
posite material. 

24. The method as recited in claim 18, further comprising 
decreasing one or more dimensions of the rnandrel, and 
removing the single spring unit from the rnandrel. 

25. The method as recited in claim 18, wherein forming 
the ?rst layer around the rnandrel and forming the second 
layer around the ?rst layer includes continuously Winding a 
single strand of composite material. 

26. The method as recited in claim 18, Wherein Winding 
the ?rst layer includes Winding along a ?rst longitudinal 
direction, and Winding the second layer includes Winding 
along a second longitudinal direction, Where the ?rst longi 
tudinal direction is opposite the second longitudinal direc 
tion. 

27. The method as recited in claim 18, further comprising 
curing the single spring unit to form a substantially rigid 
spring. 

28. A method for forming a spring cornprising: 

Winding a ?rst layer of a single strand of composite 
material in a ?rst helical con?guration around a man 

drel; 

Winding a second layer of the single strand of composite 
material coil around the ?rst layer in a second helical 
con?guration; 

Winding a third layer of the single strand of composite 
material in a third helical con?guration around the ?rst 
layer and the second layer; 

repeating Winding the ?rst layer in the ?rst helical con 
?guration, Winding the second layer in the second 
helical con?guration, and Winding the third layer in the 
third helical con?guration n number of times; 

coupling the layers of the single strand of composite 
material together to form a single spring unit. 
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29. The method as recited in claim 28, further comprising direction, and Winding the second layer includes Winding 
heating and applying Pressure to the Single Spring unit along a second longitudinal direction, and the ?rst longitu 

30. The method as recited in claim 28, further comprising 
reinforcing a polymer With a plurality of ?bers to form the 
composite material. 

31. The method as recited in claim 28, Wherein Winding 
the ?rst layer includes Winding along a ?rst longitudinal * * * * * 

dinal direction is opposite the second longitudinal direction. 


